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A rise in the occurrence of allergic diseases is attributed to the dysregulated balance of type 1/type
2 immunity, where type 2 T-helper (Th2) cells predominate over type 1 T-helper (Th1) cells,
leading to an abnormally increased production of IgE in response to unharmful antigens.
Kimchi, a traditional Korean fermented food, is a rich source of beneficial lactic acid bacteria.
In this study, we investigated the ability of Enterococcus faecium FC-K derived from kimchi to
induce type I immunity in the presence of Th2 polarizing conditions in vitro and in vivo.
Stimulation of mouse peritoneal macrophages with E. faecium FC-K induced the production of
tumor necrosis factor alpha, interleukin (IL)-6, and IL-12. Under the in vitro Th2 conditions in
which splenic T cells were activated in the presence of IL-4, E. faecium FC-K enhanced the
ability of T cells to produce interferon (IFN)-γ. Using the ovalbumin (OVA)-induced allergy
model, male BALB/c mice receiving E. faecium FC-K reduced the serum level of total IgE, but
not that of OVA-specific IgE. Furthermore, the population of activated splenic B cells during
OVA immunization was decreased in E. faecium FC-K-treated mice, accounting for a reduction
of total IgE in the serum. Restimulating splenocytes from OVA-immunized mice with OVA ex
vivo resulted in an increased production of IFN-γ, with no effect on IL-4, in E. faecium FC-Ktreated mice. These observations provide the evidence that E. faecium FC-K can be a beneficial
probiotic strain that can modulate the Th2-mediated pathologic response.
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Introduction
Allergic diseases such as asthma, allergic rhinitis, and
atopic dermatitis are some of the most common immune
disorders, and an increase in the incidence of allergic
diseases has been observed in Westernized countries where
a more sanitized lifestyle is popular [1]. The “hygiene
hypothesis” first proposed by Strachan in 1989 [2] is that
reduced microbial exposure in early childhood correlated
with the incidence of allergy accounts for the rapid increase
in allergic disease rates. Since allergy is an altered state of
immunologic tolerance to common antigens, it is clear that
control of aberrant immune responses is part of a

preventive or therapeutic approach for allergy.
The T-cell response seen in allergic diseases is
characterized by the type 2 T-helper (Th2) cells being
dominant over the Th1 cells [3]. The widely accepted
interpretation for such a defect in the balance of Th cell
subsets is explained by a decrease in the development of
Th1 cells due to reduced microbial stimulation [1]. Under
normal circumstances, Th1 cells produce interferon (IFN)-γ,
which is effective for macrophage activation and removal
of intracellular bacteria, and Th2 cells produce interleukin
(IL)-4, IL-5, and IL-13, and stimulate B cells to produce high
titers of antibodies, including IgE, against parasitic
helminthes [4]. In individuals susceptible to allergy, Th2
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cells react to the common environmental antigens called
allergens, such as house dust mites and grass pollen [5].
Evidence is accumulating that the gut microflora plays a
critical role in the development of the immune system, as
seen by germ-free animals that show an immature immune
system. Aging, the environment, and diet affect individual
gut microfloras [6], and among these factors, diet is the
most decisive factor because it provides the gut bacteria
with energy sources [7]. Since it is apparent that there is a
causal relationship between the incidence of allergic
disorders and reduction of microbial infection, application
of probiotics to manipulate the gut microflora has been
sought. Probiotics are defined as live bacteria that selectively
stimulate the beneficial gut microflora. The most wellknown probiotics belong to the genera Bifidobacterium and
Lactobacillus. In order to identify useful probiotics, it is
economical and safe to investigate fermented foods with a
long history of beneficial use.
According to conventional culture-based analysis and
non-culture 16S rRNA pyrosequencing analysis, the major
population of kimchi lactic acid bacteria comprises the
genera Leuconostoc, Lactobacillus, and Weissella, in addition
to minor groups such as the genera Lactococcus, Enterococcus,
and Pediococcus [8]. The anti-allergic activity of probiotic
lactic acid bacteria derived from kimchi has been
documented mostly for Leuconostoc species [9-11]. With
regard to the genus Enterococcus present in kimchi, its
benefits are confined to the production of an antimicrobial
compound, bacteriocin [12, 13]. Here, we investigated the
immunomodulatory potential of commercially available
E. faecium FC-K isolated from kimchi using Th2-biased
immunity models in vitro and in vivo.

Materials and Methods
Preparation of Microorganisms
E. faecium FC-K (KCCM 42957) was provided by Lacto Mason
Co., Ltd. (Korea). The microorganism was cultured in MRS broth
(Difco, USA) for 10 h at 37oC, collected by centrifugation, and
washed several times with sterile distilled water. The concentration
of bacteria was determined by plating serial dilutions. It was then
lyophilized and stored frozen at −70oC for subsequent experiments.
Animals
Male BALB/c mice at 8 weeks of age were purchased from
Orient (Korea) and maintained with rodent chow and water ad
libitum in a temperature- and humidity-controlled pathogen-free
animal facility at the Medical Center of Kyung Hee University,
Korea. Mice were cared for according to the Guide for the Care and
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Use of Laboratory Animals (National Academy Press, Washington,
DC, USA). All experiments were approved by the Kyung Hee
University Medical Center Institutional Animal Care and Use
committee (KHMC-IACUC12-006).
Stimulation of Mouse Peritoneal Macrophages with E. faecium
FC-K
Macrophages were obtained through peritoneal lavage from
normal mice at 3 days after intraperitoneal injection of 2 ml of 3%
sterile thioglycollate medium (BD Biosciences, USA). After
centrifugation, cells were suspended in DMEM (Hyclone, USA)
with 10% fetal bovine serum (FBS) (Hyclone) and 1% penicillinstreptomycin (Welgene, Korea) and incubated overnight in a
humidified atmosphere of 5% CO2 at 37oC. Non-adherent cells
were removed. Cells (5 × 105) in 24-well plates were seeded and
co-cultured with a dose of 4 × 104, 2 × 105, or 1 × 106 colony
forming units (CFU) of E. faecium FC-K. Supernatants were
collected for analysis of cytokines.
Stimulation of Splenocytes with E. faecium FC-K
Splenocytes from normal mice were prepared by disrupting the
spleens between glass slides in RPMI 1640 (Hyclone) containing
10% FBS and 1% penicillin-streptomycin. After lysing the
erythrocytes, the cells (2 × 106) were stimulated with 2 μg/ml anti-CD3
antibody (BD Biosciences) and E. faecium FC-K (1 × 106 CFU) for 48
h. For the induction of the Th2 polarization condition, 5 ng/ml
recombinant IL-4 (BD Biosciences) was added at the start of
culture. Supernatants were harvested for cytokine analysis.
OVA Immunization and Oral Treatment of E. faecium FC-K
Mice were immunized by three intraperitoneal injections of
0.2 mg of ovalbumin (OVA, grade V) (Sigma-Aldrich, USA)
dissolved in an equal volume of Al(OH)3 gel (alum) (SigmaAldrich) and phosphate-buffered saline (PBS). The mice were
injected at 7-day intervals, followed by intranasal drops of 0.2 ml
of 1% OVA solution on days 7, 9, 11, and 13 after the final
immunization. The sham group was injected with PBS during
OVA immunization. E. faecium FC-K was administered orally at
1 × 109 CFU per mouse daily. E. faecium FC-K treatment was
conducted 2 weeks prior to the first OVA immunization and
continued until the end of the experiment, for a total of 6 weeks.
Mice were euthanized with ether, and the serum was obtained by
cardiac puncture.
Cell Culture for OVA-Induced Cytokine Production Ex Vivo
At the end of the experiment, splenocytes from the sham and
OVA immunization groups were obtained as described above.
Cells (5 × 106) were stimulated for 72 h with 1 mg/ml OVA.
Culture supernatants were collected for cytokine analysis.
Flow Cytometric Analysis
Splenocytes (1 × 106 cells) from the sham and OVA-immunized
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Fig. 1. Production of TNF-α (A), IL-6 (B), and IL-12 (C) by macrophages in response to Enterococcus faecium FC-K.
Peritoneal macrophages from thioglycollate-injected mice were isolated and cultured with various concentrations of bacteria for 24 h. The levels of
TNF-α, IL-6, and IL-12 were measured by ELISA. Data represent the mean ± SD of three independent experiments.

groups were resuspended in washing buffer (PBS with 1% FBS
and 0.1% sodium azide). Cells were incubated with FITC rat antimouse CD19 and PE hamster anti-mouse CD80 antibodies (BD
Biosciences) for 30 min at 4oC. Flow cytometry was performed on
a FACSCalibur system (BD Biosciences) using CellQuest Software
(BD Biosciences).
Measurement of Cytokines and IgE
Cytokines and total IgE were measured using BD OptEIA Sets
for mouse TNF-α, IL-6, IL-12, IL-4, IFN-γ, and total IgE (BD
Biosciences). To measure OVA-specific IgE, 2 μg/ml rat antimouse IgE antibody (BD OptEIA Mouse IgE set) was used as the
capture antibody. Biotinylated OVA was prepared by mixing
10 mg/ml OVA and 2.66 μmole of biotin (EZ-Link NHS-PEG4Biotin; Thermo-Scientific, USA). The optical density was measured
at 450-570 nm in a microplate reader (Molecular Devices, USA).
Statistical Analysis
Data were validated for normal distribution and homogeneity
of variance before statistical analysis. Differences between groups

were analyzed using a one-way analysis of variance. As a posthoc test, Duncan’s multiple range test was performed to compare
the group means. The software used was IBM SPSS Statistics ver.
22.0. A p value of less than 0.05 was considered significant.

Results
Effects of E. faecium FC-K on the Production of TNF-α,
IL-6, and IL-12 in Mouse Peritoneal Macrophages In Vitro
We first examined whether E. faecium FC-K was able to
stimulate macrophages. This was determined by the ability
of the bacteria to induce the production of TNF-α, IL-6, and
IL-12. Mouse peritoneal macrophages were treated with
increasing concentrations of E. faecium FC-K for 24 h, and
concentrations of the cytokines in the supernatants were
measured by ELISA. As shown in Fig. 1, E. faecium FC-K at
a density of 1 × 106 CFU was required to elicit a detectable
amount of cytokines.

Fig. 2. Effect of E. faecium FC-K on IFN-γ (A) and IL-4 (B) production in response to anti-CD3 antibody plus IL-4.
Splenocytes were stimulated with soluble anti-CD3 antibody, or soluble anti-CD3 antibody plus IL-4, and harvested on day 2. E. faecium (EF)
(1 × 106 CFU) was added at the start of the culture. The levels of IFN-γ and IL-4 were measured by ELISA. Data are the mean ± SD of two
independent experiments. Different letters indicate significant differences as determined by Duncan’s multiple range test (p < 0.05).
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Effects of E. faecium FC-K on the Production of IFN-γ and
IL-4 in Splenocytes Stimulated under the Th2 Polarization
Condition In Vitro
Since we confirmed the ability of E. faecium FC-K to
induce IL-12, we wanted to determine whether the
bacterium could maintain its capacity to stimulate T cells to
secrete IFN-γ despite the presence of the major Th2
cytokine, IL-4. From our routine flow cytometric analysis,
40-45% of splenocytes are CD3 (+) T cells. Stimulation of
splenocytes by anti-CD3 antibody alone caused the cells to
secrete IFN-γ and IL-4 (Fig. 2). Addition of IL-4 to those
activated splenic T cells decreased the production of IFN-γ
while increasing that of IL-4. E. faecium FC-K alone
stimulated the production of IFN-γ, but not that of IL-4.
When E. faecium FC-K was added to the splenocytes
activated with anti-CD3 antibody and IL-4, the level of
IFN-γ was enhanced 5-fold compared with those without
the bacteria, indicating that this strain abrogated the
negative action of IL-4. The amount of IL-4 also increased
in the supernatant of E. faecium FC-K-treated cells under
the Th2 polarization condition. Thus, E. faecium FC-K
appears to differentially regulate IFN-γ and IL-4 secretion
in response to exogenous IL-4.
Effects of E. faecium FC-K on Serum Levels of Total IgE
and OVA-Specific IgE in Mice with OVA-Induced Allergy
The OVA sensitization allergy model in mice is used for
eliciting a Th2 response in vivo. Our results showed that
OVA-sensitized mice had increased serum total and OVAspecific IgE levels compared with the sham group (Fig. 3).
Oral gavage of E. faecium FC-K to the OVA-immunized mice
significantly decreased the level of total IgE by 20% compared
with the OVA group: 166.46 ± 13.31, 5,433.26 ± 611.85, and

4,396.07 ± 652.45 ng/ml for the sham, OVA, and OVA/EF
groups, respectively. There was no difference in optical
density of OVA-specific IgE between the OVA and OVA/
EF groups: 0.233 ± 0.007, 0.898 ± 0.160, and 0.912 ± 0.117
for the sham, OVA, and OVA/EF groups, respectively.
Effects of E. faecium FC-K on Activated Splenic B-Cell
Population in OVA-Immunized Mice
Since the level of total IgE was decreased, we next
examined whether treatment with E. faecium FC-K affected
B-cell activation in OVA-immunized mice by evaluating
the costimulatory molecule CD80 on splenic B cells. We
used the CD19 antibody as a marker for the B cells. We
defined cells double-stained with FITC-CD19 antibody
and PE-CD80 antibody as activated splenic B cells. OVA
immunization significantly increased the percentage of
CD19(+)CD80(+) from 11.72 ± 1.38 to 18.65 ± 2.25 (Fig. 4).
E. faecium FC-K decreased this population to 15.89 ± 2.58,
but this was not a statistical significance compared with
the OVA group. Instead, comparing the percentage of the
CD19(+)CD80(-) cell population among the groups, we
found that the OVA/EF group significantly increased this
population to a level comparable to the sham group:
41.76 ± 2.21%, 33.23 ± 2.14%, and 39.61 ± 2.63% in the
sham, OVA, and OVA/EF groups, respectively. These
results suggest that oral administration of E. faecium FC-K
decreased the activation of splenic B cells in response to
OVA immunization.
Effects of E. faecium FC-K on OVA-Restimulated Cytokine
Production in Splenocytes from OVA-Immunized Mice
We restimulated splenocytes from OVA-immunized
mice with OVA for 72 h and then levels of IFN-γ and IL-4

Fig. 3. Effects of oral administration of E. faecium FC-K on the levels of total serum IgE (A) and OVA-specific IgE (B) in OVAimmunized mice.
The experimental procedure is described in the Materials and Methods. Serum was obtained at the end of the experiment. Serum levels of total IgE
and OVA-specific IgE were determined by ELISA. Concentrations of total IgE were calculated by referring to a standard IgE provided by the
manufacturer. The OVA-specific IgE level is presented as the optical density (O.D.). Data are the mean ± SD (n = 8). Different letters indicate
significant differences as determined by Duncan’s multiple range test (p < 0.05).
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Fig. 4. Effect of E. faecium FC-K on the population of activated splenic B cells in response to ovalbumin (OVA) immunization.
Splenocytes from OVA-immunized mice or sham mice were isolated at the end of the experiment and double-stained with FITC-CD19 antibody
and PE-CD80 antibody (n = 5 per group). (A) Representative plots are shown. (B) Bars represent the mean ± SD. Different letters indicate
significant differences as determined by Duncan’s multiple range test (p < 0.05).

were measured by ELISA. Compared with the sham group,
the production of IFN-γ was decreased in cells from the
OVA group (Fig. 5). The OVA/EF group increased the
amount of IFN-γ to a level comparable to the sham group:
5,172.92 ± 2,861.70, 3,112.92 ± 1,333.28, and 5,908.87 ± 1,210.83
pg/ml for the sham, OVA, and OVA/EF groups, respectively.
IL-4 was not detected in the sham group and there was no
difference in the OVA and OVA/EF groups: 522.53 ±
225.66 and 507.72 ± 121.69 pg/ml in the OVA and OVA/EF
groups, respectively.

Discussion
Prevention or treatment of immune disorders by probiotics
is largely targeted on the modulation of dysregulated T-cell
responses. Generation of various Th cell subsets is determined
by the type of cytokines produced by the cells that belong
to innate immunity, such as macrophages, dendritic cells,
or other immune cells encountering antigens. Probiotic
bacteria, like other pathogenic bacteria, can stimulate
macrophages to produce proinflammatory cytokines TNF-α,

Fig. 5. Effect of E. faecium FC-K on the levels of IFN-γ (A) and IL-4 (B) in OVA-restimulated splenocytes from OVA-immunized
mice.
Splenocytes from OVA-immunized mice or sham mice were isolated at the end of the experiment and restimulated with OVA (1 mg/ml) for 72 h
(n = 5 per group). Cytokine concentrations were determined by ELISA. Different letters represent significant differences as determined by
Duncan’s multiple range test (p < 0.05).
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IL-6, and IL-12 [14]. Since IL-12 plays a critical role in the
differentiation of CD4 T cells into Th1 cells, the IL-12
inducing ability is used to screen probiotic bacteria having
anti-allergic potential by coculturing macrophages with the
bacteria. Several E. faecium strains isolated from healthy,
breast-fed infants have been reported to have probiotic
potential by inducing the release of IL-12 and other
proinflammatory cytokines [15]. We, for the first time,
determined that the E. faecium strain derived from kimchi
meets this criterion.
The production of IFN-γ by activated T cells is augmented
by IL-12, while excess IL-4 downregulates the expression of
IL-12 receptors by T cells, which leads to the attenuation of
IFN-γ production. We observed that E. faecium FC-K
enhanced the production of IFN-γ and IL-4 by activated T
cells in the presence of IL-4. Presumably, IL-12 must have
been produced by non-T cells and acted on those activated
T cells. Interestingly, E. faecium FC-K increased the level of
IL-4 under the Th2 polarization condition. Because the
culture period in our assay was short, it might have been
insufficient to block the signaling pathway leading to IL-4
production. Another interpretation is that the increased
level of IL-4 by E. faecium FC-K was due to a lower amount
of binding of IL-4 to the IL-4 receptors by T cells.
Allergens evoke an immune response in individuals who
show a strong Th2 response, resulting in the excessive
production of IgE by B cells [16]. IgE binds either to FcεRI
on mast cells and basophils, or to FcεRII (=CD23) on B cells.
Whereas complexes of allergen-IgE-FcεRI on mast cells trigger
an immediate degranulation of inflammatory mediators
and later production of cytokines, complexes of allergenIgE-FcεRII on B cells are endocytosed, and then a peptide
fragment from this allergen is presented to the Th cells
specific to the peptide, resulting in activation of these Th
cells [17]. Furthermore, FcεRII on B cells not specific to the
allergen, known as bystander B cells, can bind the same
complex of allergen-IgE, endocytose them, and present the
allergen-derived peptide to the same Th cells. Thus, control
of IgE production is critical to the treatment of allergic
inflammatory disease. In the OVA-induced allergy model,
total IgE is produced by the splenic bystander B cells,
whereas OVA-specific IgE is produced by B cells in the
secondary lymphatic tissue draining OVA [18]. The
increase in IgE by splenic bystander B cells is due to their
increased production per cell, and not to their increased
cell number, whereas the increase in OVA-IgE is attributed
to the increasing number of B cells specific to OVA [18].
The inhibitory effect of E. faecium FC-K was confined to the
production of total IgE, suggesting that E. faecium FC-K
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affected the activity of IgE-producing splenic B cells.
Activated B cells initially produce IgM and need further
signals from activated Th cells in order to make IgG, IgA,
or IgE, called isotype switching. CD80 mediates contact
between B cells and Th cells. The increased percentage of
splenic CD80(-)CD19(+) cells in the OVA/EF group
indicates the presence of fewer activated B cells. This
finding supports the decrease in serum total IgE due to
reduced splenic B-cell activity. The level of IFN-γ in the
OVA/EF group was increased compared with the OVA
group when splenocytes from OVA-sensitized mice were
restimulated with OVA. IFN-γ can inhibit IL-4-induced IgE
production [19]. This increase in IFN-γ may contribute to
the reduction of splenic B-cell IgE production.
How oral treatment of probiotic lactic acid bacteria
modulates systemic immunity has not been fully elucidated.
Several reports indicate that oral treatment of anti-allergic
lactic acid bacteria induces T-regulatory (T-reg) cells in the
spleen or intestines, which play an important role in
ameliorating allergic inflammatory responses [20-23]. T-reg
cells maintain the homeostasis of the T-cell response by
regulating the activity of Th1, Th2, or other effector Th cells
[24]. Non-allergic individuals display robust T-reg cell
activity against common allergens compared with allergic
individuals [25]. Further study is required to examine the
effects of E. faecium FC-K on the change in T-reg cells that
may mediate the balance of Th1/Th2 cells.
Taken together, we have shown that E. faecium FC-K
derived from kimchi can regulate type 1/type 2 immune
imbalance. E. faecium FC-K stimulated IL-12 secretion to
induce type 1 immunity, and maintained the secretion of
IFN-γ under Th2 polarization conditions. Furthermore, oral
administration of this probiotic strain exerted anti-allergic
effects by decreasing IgE and increasing IFN-γ in response
to OVA immunization. Our results present evidence
that E. faecium FC-K can be developed as a beneficial
immunomodulatory probiotic.
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